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(54) Stabilization of cooked meat compositions using whey from nisin-producing cultures 



(57) The present invention provides a stabilized 
meat product of cooked meat comprising cooked meat 
and nisin-containing whey. The nisin-containing whey is 
prepared by a inoculating a pasteurized dairy composi- 
tion with a culture of a nisin-producing microorganism, 
incubating the composition until the pH attains a value 
between about 6.2 and about 2.0 and a whey and curd 
mixture is formed, and separating the whey from the 
whey and curd mixture to give the separated whey which 
is the nisin-containing whey. The invention also provides 
a method of making a stabilized meat product of cooked 
meat, that includes preparing a composition including 
meat and nisin-containing whey, and cookin g the com- 
position. The invention additionally provides a method 
of inhibiting the growth of a pathogenic microorganism 
in cooked meat that includes preparing a composition 
comprising meat and nisin-containing whey, sealing the 
cooked composition into packaging, and cooking the 
composition; whereby the growth of a pathogenic micro- 
organism is inhibited. 
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[0001] This invention relates to stabilization of compositions containing cooked meat, especially turkey-gravy com- 
positions, against the development of toxins from pathogenic bacterial contaminants. The stabilized compositions are 
attained by the incorporation of nisin-containing whey derived from a nisin-producing culture. The invention also relates 
to a method of stabilizing a composition containing cooked meat against the development of toxins, wherein the method 
comprises adding nisin-containing whey derived from a nisin-producing culture to the cooked meat. 



BACKGROUND OF THE INVENTION 
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[0002] Packaged precooked meat and gravy combinations are commonly available to the public in vacuum sealed 
airtight packets, such as those made of pliable plastic films. The packets are termed airtight to the extent that the films 
are relatively .mpermeable to air, so that the components sealed within them at the time of preparation remain largely 
anaerobic. Such products must be prepared free of pathogenic organisms, especially toxin-producing anaerobes Path- 
ogenic organisms that may contaminate packaged meats include, by way of nonlimiting example, Clostridium botuli- 
num, C. perfringens, (Lucke et al., in 'Ecology and Control Foods" (A.H.W. Hauschild and K.L Dodds eds ) Marcel 
Dekker, New York, 1 993. pp. 1 77-207; Smart et al., J. Appl. Bacteriol. 46, 377-383 (1 979); Roberts et al J Fd Technol 
14, 211-226 (1979); Tompkin, Food Technology 34, 229-236, and 257 (1980); Bryan et al., Amer. Public Health 61 
1 869-1 885 (1 971 ); Microbial Ecology of Food Commodities - Microorganisms in Foods 6: Blackie Academic and Pro- 
fessional, 1998, p. 115). Listeria monocytogenes, Escherichia coli, Bacillus cereus, Enterococcus faecalis, and similar 
microorganisms. Among these, spore-forming, toxin-producing microorganisms are of particular concern because any 
spores produced by viable cells may survive and grow to produce toxins subsequent to manufacturing or domestic 
heating steps. Such microorganisms include species of the genus Clostridium 

[0003] In U.S. Patents 4,888,191 and 5,017,391 Anders et al. disclose compositions and methods related to the use 
of lactate salts to delay C. botulinum growth in a foodstuff such as fish or poultry. The foods are heated to a temperature 
sufficient to cook the meat but not to sterilize the product. Anders et al. suggest that lactate may be used alone or in 
combination with other agents such as sodium nitrite. These patents fail to discuss nisin or its properties 
[0004] Maas et al. (Appl. Envir. Microbiol. 55, 2226-2229 (1 989)) report that lactate, when incorporated into a turkey 
meat vacuum-packed composition, delays the generation of botulinum toxin in a manner directly dependent on the 
concentration of lactate introduced into the composition. Maas et al. do not mention nisin. 

[0005] Nisin is a peptide-like antibacterial substance produced by microorganisms such as Lactococcus lactis subsp 
lactis (formerly known as Streptococcus lactis). Its structure is illustrated in U.S. Patent 5,527,505 to Yamauchi et al' 
The highest activity preparations of nisin contain about 40 million IU per gram. A commercial preparation NISAPLIN™ 
containing about 1 million IU per gram is available from Aplin & Barrett Ltd., Trowbridge, England. Nisin has no known 
toxic effects in humans. It is widely used in a variety of prepared dairy foods. Experimental use in preserving other 
foods has also been reported. Details on these applications are provided below. 

[0006] A number of efforts have been reported since 1 975 directed to reducing uncoupled acid production in dairy 
fermentations by controlling the post-fermentation acidification of yogurt. In some of these studies, a nisin producinq 
culture was introduced in an attempt to inhibit these effects. Kalra et al. (Indian Journal of Dairy Science 28 71-72 
(1 975)) incorporated the nisin producing culture Streptococcus lactis (now known as L. lactis subsp lactis) along with 
the yogurt culture before fermentation. Others introduced nisin in milk priorto fermentation (Bayoumi Chem mikrobiol 
technol. lebensm. 13:65-69 (1991)) or following fermentation (Gupta et al.. Cultured Dairy Products Journal 23- 17-18 
(1988); Gupta et al., Cultured Dairy Products Journal 23: 9-10 (1989)). In all cases, the rate of post-fermentation 
acidification was only partially inhibited by these treatments and the yogurt continued to become more acidic throuqhout 
its shelf life. 

[0007] In U.S. Patent No. 5,527,505, by Yamauchi et al., yogurt was produced from raw milk by incorporating a nisin- 
producing strain. Lactococcus lactis subsp. lactis, along with the traditional yogurt culture consisting of Streptococcus 
salivanus subsp. thermophilus (ST) and Lactobacillus delbrueckii subsp. bulgaricus (LB). Yamauchi et al teach that 
the lactococci are needed to secrete the nisin, whose effect is to retard the activity of ST and LB The resulting yogurt 
therefore contains the lactococci used to produce the nisin. Nonetheless, the acidity of yogurt containing the nisin- 
producing bacteria increased by 64% to 96% in 14 days, in various experiments inoculated with differing amounts of 
L. lactts subsp. lactis, compared to the initial acidity at the completion of fermentation. Other studies (Hcqarty et al J 
Fd. Prot. 45: 1208-1211 (1982); Sadovski et al., XX International Dairy Congress. Vol. E: 542-5-44 (1978)) also noted 
acid production and development of bitterness at low temperature by some mesophilic starter lactococci in dairy prod- 

[0008] In U.S. Patent 5.015,487 to Collison et al., the use of nisin, as a representative of the class of lanthionine 
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bactenocms, to control undesirable microorganisms in heat processed meats is disclosed. In tests involvinq diooina 
frankfurters in nisin solutions, the growth of L monocytogenes was effectively inhibited upon storage at 4°C 
[0009] Chung et al. (Appl. Envir. Microbiol. 55, 1 329-1 333 (1 989)) report that nisin has an inhibitory effect on qram- 
positive bacteria, such as L. monocytogenes, Staphylococcus aureus and Streptococcus lactis, but has no such effect 
5 on gram-negative bacteria such as Serratia marcescens. Salmonella typhimurium and Pseudomonas aeruginosa when 
these microorganisms are attached to meat. 

[0010] Nisin has been added to cheeses to inhibit toxin production by Clostridium botulinum (U S Patent 4 584 199 
to Taylor). U.S. Patent 4,597,972 to Taylor discloses a detailed example in which chicken frankfurter components are 
shown to require the presence of both added nitrite and added nisin in order to prevent or delay botulinum toxin oro- 
io duction when challenged with C. botulinum. H 
[001 1] Nisaplin™ has been found to preserve salad dressings from microbiological contamination, such as challenae 
by Lactobacillus brevissubsp. lindneri, for an extended shelf life period (Muriana et al., J. Food Protection 58:1109-111 3 
( 1 995)). 

[0012] There remains a need for compositions and procedures related to prepared meat products that inhibit the 
growth of pathogenic microorganisms, and the production of toxins by them, using natural or innocuous ingredients 
In particular, there is a need for such compositions and methods that avoid the introduction of nitrite, the use of which 
has been the subject of extended controversy. The present invention addresses this need. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a stabilized preparation of cooked meat comprising cooked meat and nisin- 
conta.mng whey. In an important embodiment, the nisin-containing whey is prepared by inoculating a pasteurized dairy 
composition w.th a culture of a nisin-producing microorganism, incubating the composition until the pH attains a value 
between about 6.2 and about 4.0 and a whey and curd mixture is formed, and separating the whey from the whey and 
curd mixture to give the separated whey which is the nisin-containing whey. In an alternative embodiment the nisin- 
contammg whey is obtained from the fermentation of a fortified cheese whey composition using a nisin-producinq 
microorganism. The invention also provides a method of making a stabilized preparation of cooked meat that includes 
preparing a composition including meat and nisin-containing whey, and cooking the composition. The invention addi- 
tionally provides a method of inhibiting the growth ofa pathogenic microorganism in cooked meat that includes preparinq 
a composition comprising meat and nisin-containing whey, sealing the cooked composition into packaging, and ccokinq 
the composition, whereby the growth of a pathogenic microorganism is inhibited 

[0014] In important embodiments of the preparation and methods of the invention, the growth of microorganisms 
chosen from the group consisting of Clostridium botulinum, C. perfringens. Listeria monocytogenes, Bacillus ce reus 
Staphylococcus aureus, and Enterococcus faecalis is inhibited, and in a more preferred embodiment the inhibited 
microorganism is C. botulinum. In additional preferred embodiments of the preparation and methods, the nisin^on- 
tainmg whey is added in a proportion from about 10% to about 50% by weight, and more preferably this proportion is 
about 25% to about 35% by weight. In yet additional preferred embodiments, the cooked meat is beef pork lamb 
poultry, fish, seafood, or a mixture thereof, more preferably, the cooked meat is poultry such as turkey, chicken' duck' 
or a mixture thereof; yet more preferably, the poultry is turkey. In further preferred embodiments, the stabilized prep- 
aration additionally includes a gravy, and furthermore contains no nitrite salts. 

BRIEF DESCRIPTION OF THE DRAWING 

[001 5] Figure 1 provides a flow chart of steps used in the production of nisin-containing whey. 
DETAILED DESCRIPTION OF THE INVENTION 
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l V I u u ' S invention rela,es to a stabilized preparation of cooked meat, and to methods of presenting cooked meat 
and of inhibiting the growth of pathogenic microorganisms in preparations of cooked meat. The preparation and meth- 
ods have as their central feature the use of nisin-containing whey as the component responsible for the stabilizing 
activity in the processed meat preparations. H 
[0017] For purposes of this invention, the term "nisin-containing whey- is intended to include the whey product 
separated from the curd, derived from a nisin-producing culture. Generally, such a nisin-containing whey is obtained 
by any of a variety of equivalent procedures involving the fermentation of a nisin-producing microorganism In one 
such Procedure, a pasteurized dairy product such as milk or whey is first inoculated with the nisin-producing microor- 
ganism. After the da.ry product curdles, the nisin-containing whey is separated from the curds of the curdled culture 
Inn £!!£ T??, Sepa ? ted by any conven,ional technique, including, for example, centrifugation, filtration; 

and the like. This method effectively removes most or essentially all of the microorganisms in the nisin«:ontaining whey. 
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In an alternative procedure, the nisin-containing whey is obtained from the fermentation of a fortified cheese whey 
composition using nisin-producing microorganisms. In this procedure, after the pH in the fermentation has fallen to 
about 5.5, the pH is then maintained at this value for 8-1 0 hrs before allowing the pH to drop further. The nisin-containinq 
whey, separated from the corresponding curds, is then employed in the products and methods of this invention 
[0018] In the course of work carried out in our laboratories it has been discovered that nisin-containing whey has 
effects on nonpathogenic microrganisms beyond those obtained by addition of a purified preparation of nisin. Further- 
more, nisin-containing whey contains, or preserves, a significant concentration of lactate characteristic of whey Thus 
nisin-containing whey may in general be understood to contain both nisin and lactate. 

[0019] The fermenting cultures capable of producing nisin-containing whey have the potential of secreting many 
fermentation products into the medium, namely, into the whey of the culture. Thus, in addition to nisin and lactate, there 
may be further components present in nisin-containing whey produced by the fermentations yielding this whey. Among 
such components may be certain substances which contribute to the beneficial properties of the preservable prepa- 
rations of the invention, and to the beneficial effects of the methods of the invention. Without wishing to limit the scope 
of this invention, therefore, the term "nisin-containing whey" encompasses all components contained therein both 
those currently known and those which may remain uncharacterized at the present time, that contribute to the beneficial 
attributes of the present invention. 

[0020] As used herein, "nisin-containing whey" also relates to the whey described above that has subsequently been 
reduced in volume to a more concentrated liquid, or that has been completely dried, by evaporation, lyophilization or 
comparable procedure. The term relates additionally to such a concentrated or dried whey that is subsequently recon- 
stituted, either partially or completely, by the addition of water or a water-containing composition. 
[0021] As used herein, "cooked" meat or "cooking" relate to heating the meat which is the subject of the present 
invention in the presence of high humidity or of liquid water to a temperature and for a time sufficient to cook the meat 
i.e., to convert it from its raw starting state. Commonly the temperature employed or the time of treatment are sufficient 
to rafse the internal temperature to a particular value, or within a particular range of values, which is considerably below 
the boiling point of water. Such temperatures therefore may not be sufficient to kill or inactivate certain heat resistant 
pathogenic microorganisms, in particular their spores. A specific microorganism of concern in this reqard is C botuli- 
num 



[0022] As used herein, the term "stabilized preparation' as applied to cooked meat relates to a preparation which 
has been treated so that the growth of pathogenic microorganisms that may contaminate the preparation is inhibited 
or is retarded, or in which the production of toxins by such microorganisms is inhibited or retarded. 
[0023] As used herein, "gravy" relates to gravies and sauces incorporated into the meat preparation in order to impart 
flavor and favorable organoleptic properties to it. The gravy provides a preferred composition for the incorporation of 
the nisin-containing whey into the stabilized preparations and in implementing the methods of the invention This is 
readily accomplished by replacing some or all of the water that would otherwise be used to constitute the gravy by the 
nisin-containing whey ofthe invention In addition, the gravies and sauces may contain other components that are com- 
monly employed in their preparation. Such ingredients are widely known among food chemists. 
[0024] Meats that are to be used in this invention may be obtained from mammalian sources such as beef pork and 
lamb, as well as from poultry, vertebrate fish, and nonvertebrate seafood. In important embodiments of the present 
invention, the meat is poultry, and in particular is turkey In general, the meat employed in the methods of the invention 
may be either raw or already cooked prior to use in the present methods. 

[0025] In the course of the work in our laboratories to which reference has been made above, it has been found that 
nisin-containing whey has bienefi^^ dairy groducis such-as yogurts butter- 

mil ksrantfsOTT^^ contains t hemophilic organisms 

such as Streptococcus salivariussubsp. thermophilus (ST) and Lactobacillus delbrueckii subsp bulgaricus (LB) Ad- 
ditional cultures such as Lactobacillus acidophilus and bifidobacteria may also be included. Conventional fermented 
dairy products such as these continue to form acidic products, and in some cases, to develop bitterness upon storage 
over times routinely involved in shipping them, selling and domestic storage. The addition of nisin<;ontaining whey to 
such fermentations inhibits these undesired effects, conferring beneficial stability and taste to the products These 
effects may not be ascribable to the presence of lactate in the nisin-containing whey, however, because all lactic fer- 
mentations by their nature produce lactic acid and yet are not stable to storage. 

[0026] These effects on dairy cultures funhermore cannot be achieved by the addition of purified nisin to the cultures 
Introducing purified nisin in milk prior to fermentation (Bayoumi, Chem. mikrobiol. technol. lebensm 13 65-69 (1991)) 
or following fermentation (Gupta et al., Cultured Dairy Products Journal 23: 17-18 (1988)' Gupta et al Cultured Dairy 
Products Journal 23: 9-10 (1989)) only partially inhibited the rate of post-fermentation acidification and the yogurt 
continued to become more acidic throughout its shelf life. Thus nisin alone is not capable of preventing continued 
acidification; as shown in the Examples, nisin-containing whey is required to achieve these results. It may be inferred 
that nisin-containing whey may also contain additional components currently not identified that contribute to the attain- 
ment of these beneficial effects. As noted above, the lactate found in nisin-containing whey cannot be considered 
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responsible for these properties. 

[0027] Stabilization of foods such as cooked meats against the hazardous proliferation of pathogenic microorganisms 
is shown in the present invention to result from the incorporation of nisin-containing whey in such foods. The Examples 
demonstrate that cooked meats formulated with gravy compositions prepared using the nisin<ontaining whey of the 
s invention inhibit the production of toxins upon challenge with the spores of Clostridium botulinum, whether proteolytic 
or nonproteolytic. Control samples containing purified nisin and lactate are ineffective in conferring this protective ben- 
efit upon challenged samples. 

[0028] The nisin-containing whey used in this invention may be obtained using a procedure that includes the following 
steps: (i) pasteurizing a dairy liquid such as milk, whether whole milk, partially defatted milk or skim milk, (ii) cooling 
io and inoculating the liquid with a culture of a nisin-producing microorganism, (iii) incubatin g until the pH has fallen to a 
^^^-^AAoA3^L ^? u ^ of tne fermentation, whe reupon a suspensiop^Lcur4slrTljgu is formedTar^(\\t) 

separating the curds from the whey, for example by centrifugation or filtration (see Figure 1). Alternatively, nisin-con- 
taining whey may be prepared by the sequential steps of (i) preparing an aqueous composition comprising sweet whey 
from the fermentation of a cheese, whey protein concentrate, and a protein hydrolysate; (ii) fermenting the aqueous 
composition with a nisin-producing culture until the pH attains about 5.5; (iii) maintaining the pH of the fermenting 
composition at about 5.5 for 8-10 hrs; and (iv) allowing the pH ofthe fermenting composition to drop to 4.8 or lower 
An example of a nisin-producing microorganism is Lactococcus lactis subsp. lactis. The resulting whey is the nisin- 
containing whey of the invention. 

[0029] In order to prepare the stabilized meats of the invention, the me ans combined with a gra^or^aujpe that is 
formu j2!~ a nisin-producing culture as a portion 

or^J!_oUhe.aqueous^orapo„^ therein Generally, such effectfvTamounts may range 7rom^bo1uT70% to 

about 90% of the gravy. In addition, the aravv may contain flavorings inclu ding herbs and spices, colcmng^thickening 
a 9^2J™^ polysjac^^ 

minted with inorganic salts of lactic aciH"TrTe "'gravy components are combined and cooked to a temperature in the 
range of about 170°F to about 200°F (about 76.7°C to about 93.3°C), preferably to about 190°F (about 87.8°C), and 
then cooled to a refrigerated temperature such as about 40°F (about 4.4°C). 

[0030] The meaj^u^ed in the food preparation majjbe^ejt}^ or already cooked prior to combination with the 
92y^ Cookin 9 P rior t0 incorporation into the preparation generally entails heating the meat to a temperature in the 
range of about 150°F to about 180°F (about 65.5°C to about 82.2°C), preferably about 160°F (about 71 . 1°C), and then 
cooling to a refrigerated temperature of about 40°F (about 4.4°C). In general, the meat may be various cuts o f beef, 
veal, pork, or lamb. It may also be a poultry meat, which may be by way of nonlimiting example, turkey, chicken, or 
duck. The meat may also be a seafood product, such as a vertebrate fish or an invertebrate shellfish. In significant 
embodiments of the invention, the meat is poultry, and in particularly important embodiments the poultry is turkey 
[0031] The gravy or sauce is combined with the meat to be used in the food preparation. In important applications 
of the method, the final product in which the preparation of the invention appears is a single serving contained in a 
flexible pouch, for example, one made of a plastic film. Therefore, the meat, when it is to be incorporated into such a 
product, is sliced or otherwise reduced into portions appropriate for such a final product. The gravy and me at are 
combined in j^pfliSDSJin gr ?^ /4 9 0; L^ 

[0032]—^ T^e^avv^meaTcombination is then cooked in order to m ake theJnjLLpj^P^ration. For example, the final 
preparation may be a plastic pouch containing a serving of gravy-meat mixture. In such a case, the mixture is introduced 
into the pouch and sealed after drawing a vacuum. The gravy-meat mixture is then cooked until its temperature attains 
atemperature in the range from about l50°Fto about 180°F (about 65.6°Ctoabout82.2°C), preferably to a temperature 
of about 165°F (about 73.9°C). This may be accomplished by heating in a bath, or using a heat source, maintained at 
a temperature of about 190°F (about 87.8°C). The heating step may endure for a time ranging from about 10 min to 
about 60 min, and preferably lasts about 30 min. At the conclusion of the heating step, the product is cooled to a 
refrigerated temperature of about 40°F (about 4.4°C). 



EXAMPLES 

[0033] General Methods. Aerobic plate count was performed using the procedure outlined in Bacteriological Analyt- 
ical Manual (U.S. Food and Drug Administration), 8th Edition, 1995, Chapter 3. The plating medium used was brain 
heart infusion (BHI) agar. Streptococcus sativarius subsp. thermophifus (ST) was enumerated on Ml 7 agar (Atlas, R 
M., 1993, Handbook of Microbiological Media, CRC Press, Inc., Pages 148, 532, 621). Lactobacillus bulgaricus (LB) 
was enumerated on MRS agar (Atlas, ibid). The plates for ST and LB were incubated anaerobically at 40 tt C. for two 
days. The nisin producing lactococci were enumerated on BHI agar, incubated anaerobically at 30°C. for two days. 
Anaerobic plate count was performed using prepoured McClung's Egg Yolk agar. The sample was spread plated and 
incubated 48 hours at 86°F in a Coy Anaerobic Chamber. 



5 



EP 0 983 724 A1 



[0034] Nisin activity in the fermented milk was determined by the method of Fowler etal. (Techn. Series Soc. Bacterid 
8:91 -105 (1 975)). The strain L lactis subsp. cremoris that is sensitive to nisin was used as an indicator. Nisaplin™, a 
standardized preparation of nisin (10 6 units/g) from Aplin and Barrett, was used as the standard to determine nisin 
activity in various preparations. Each assay plate had nisin standards. 

[0035] Toxin extraction was done on each sample by using the procedure for botulinal toxin (Bacteriological Analytical 
Manual (U.S. Food and Drug Administration) 8th Edition, 1995, Chapter 17). A tekmar Stomacher 400 Lab Blender 
and sterile bags were used for maceration of samples in gel phosphate buffer. Standard mouse bioassays and toxin 
confirmations were performed as outlined in the FDA's Bacteriological Analytical Manual. 

PRODUCTION OF NISIN-CONTAINING WHEY AND USE IN DAIRY PRODUCTS 

[0036] Example 1. This example illustrates the production of nisin-containing whey from a nisin-producing culture. 
The significant steps involved are shown schematically in Figure 1 . A nisin-producing culture was inoculated at 5 x 10 6 
CFU/ml in pasteurized skim milk cooled to 30°C. The mixture was allowed to incubate for about 16 hours and was 
then cooled to 5-7*^. The fermented milk had about 8.0 x 10 8 CFU/ml of the cultured bacteria, a pH of about 4.4 to 
4.6, and a titratable acidity of 0.75%. It contained nisin equivalent activity of about 1300 international units/ml as de- 
termined by well assay using a nisin-sensitive strain of Lactococcus lactis subsp. cremoris. The cultured milk was 
centrif uged to separate the whey from the curd and the nisin-containing whey removed. A detailed comparison between 
the fermented milk and the resulting whey is given in Table 1. The whey contained more than about 100-fold fewer 
CFU/ml of the nisin-producing microorganisms compared to the fermented milk culture while still preserving the full 
nisin activity of the fermented milk. The curd retained more than 99% of the lactococcus counts determined for whey 
and curd together. 



Table ,1 . 



Characteristics of Centrif uged Nisin-Containing Whey Obtained from Lactococcus-Fermented Skim Milk 




Fermented Milk 


Whey 


Curd 


pH 


4.43 


4.45 


4.5 


Titratable acidity 


0.75% 


0.54% 




Culture count 


8.0 x 10 8 CFU/ml 


6.6 x 10 6 CFU/ml 


3.9 x 10 9 CFU/g 


Nisin equivalent activity 


1300IU/ml 


1300IU/ml 


600 lU/g 



[0037] Example 2. This example also illustrates the preparation and properties of a nisin-containing whey derived 
from a nisin-producing culture. Milk was fermented with approximately 5 x 10 6 CFU/g nisin-producing lactococci until 
the culture attained a pH of 4.43. The fermented milk was then centrif uged at 10,000 rpm for 15 minutes and the 
supernatant (i.e., whey) was recovered. The whey had a pH of 4.45 and a nisin activity of about 1 300 JU/ml (essentially 
the same values as in the fermented milk prior to centrifugation). The whey had a culture population of 6.6 x 10 6 CFU/ 
ml (as compared to 8.0 x 10 8 CFU/ml in the original fermented milk; see Table 1). The whey recovered from a dairy 
fermentation of nisin-producing microorganisms has a titer of nisin-producing lactococci that is less than about 1% of 
that of the fermentation prior to separation of the whey. 

[0038] In a second run, a skim milk/whey mixture was fermented at pH 5.5 for about 8-10 hours and then allowed 
to acidify further to a pH of about 4.6. The resulting nisin-containing whey from a pH controlled propagation had a pH 
of about 4.65, a lactate concentration of about 13.05 g/L, and a nisin activity of aobut 2,100 U/g. 
[0039] Example 3. This example provides an alternative fermentation for nisin-containing whey yielding a high level 
of nisin equivalent activity. Sweet whey from fermentations of cheeses such as Swiss cheese, Parmesan cheese, 
mozzarella cheese, or cheddar cheese is fortified with whey protein concentrate (WPC) and a protein hydrolysate 
which may be, for example N-Z amine™ or soy protein hydrolysate. The components are blended with water as shown: 



Cheese whey (Krafen™) 


3.8% (total solids basis) 


WPC 


2.9% 


Protein hydrolysate 


0.1% 


Water 


93.2% 



The blended formulation (pH - 6.1-6.25) is autoclaved, cooled, and inoculated with a nisin-producing culture at 
0. 1 -1 .0%. The fermentation is allowed to proceed to pH 5.5 with stirring, which requires about 7-8 hrs. The pH is then 
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maintained at pH 5.5 for 8-10 hrs by the addition concentrated NaOH by means of a pH controller The pH regulation 
is then stopped and the pH allowed to drop to pH 4.8 or lower, at about 22 hrs of total fermentation time This resultinq 
preparation has a nisin activity of about 2100-2800 lU/g. If necessary it may be centrifuged in order to use the super- 
natant only, or the whole fermented whey may be used directly. 

USE OF NISIN-CONTAINING WHEY IN MEAT PRODUCTS: CHALLENGE EXPERIMENTS WITH C. botulinum 

f 0040 ! Example 4. Preparation of Graw. The ingredients for a representative gravy formulation are shown in Table 
2. For botulinum challenge studies (see Examples 8 and 9), turkey flavor, spices and color were omitted from the 
formulation (column 2). 



Table 2. 



Formulation of Gravy 




Actual (grams) 


Percent 


Nisin-containing whey 


1308.64 


81.79 


Nonfat dry milk 


107.68 


6.73 


COFLO 67 starch 


61.60 


3.85 


Sodium lactate 


17.76 


1.11 


Potassium lactate 


7.52 


0.47 


Total of actual product tested 


1503.20 


93.95 








Turkey flavor 1 35035 




2.50 


Spice mix 




3.45 


Caramel 




0.10 


Total from formula 




100.00 



[0041] The nisin-containing whey prepared as in Example 2 and having a pH of 4.5 was weighed into a tared pan 
Nonfat dry milk was then dissolved in the mixture, followed by the addition of the starch with stirring, and finally the 
sodium lactate and potassium lactate. The pan was heated slowly with constant stirring to 1 90°F (87.8°C), then cooled 
A control sample was prepared in the same manner except that cold water was used in place of the nisin-containing 
whey. The pH of the gravy made with nisin-containing whey was 5,57; the control gravy made with water had a pH of 6 6 
t 0042 J Example 5 Formulation of Cooked Turk ey and Preparation of Turkey and Graw Sealed in Pouches The 
composition used to prepare cooked turkey breast is shown in Table 3, ^ , 



Table 3. 



Turkey Composition 


Ingredient 


Weight (g) 


Percent 


Turkey Breast Halves 


42.11 


64.79 


Ground Breast 


7.42 


11.41 


Potassium Chloride 


0.24 


0.37 


Sodium Lactate 


2.03 


3.13 


Potassium Lactate 


0.68 


1.05 


Sodium Chloride 


0.40 


0.61 


Sodium Tripolyphosphate 


0.20 


0.30 


Water 


■ 11.92 


18.34 


TOTAL 


65.00 


100.00 
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[0043] The raw turkey is combined with the other ingredients and cooked at 160°F (71 .1°C). it is then chilled to 40°F 
(4.4°C) and sliced. Gravy (either gravy made with nisin-containing whey or control gravy) is prepared according to the 
formula in Example 4. It is cooked to 190°F (87.8°C) and cooled to 40°F (4.4°C). The gravy is added to the turkey 
(35% gravy/65% turkey by weight) and mixed. The turkey-gravy mixture is filled into pouches and heat sealed after 
drawing a vacuum. The sealed pouches are cooked to 165°F (73.9°C) in 1 90°F(87.8°C) water for 30 min and cooled 
to40°F (4.4°C). 

[° 044 1 Example 6. Clostridium botulinum strains used in the challenge studies. The following strains (see Table 4) 
were blended to prepare inocula of C. botulinum for use in the challenge studies with turkey preserved using nisin- 
containing whey. 



Table 4. C botulinum strains Used in Challenge Studies 



Proteolytic Strains 


Strain 


Spore Count/ml 


33A 


2.6 x 10 J 


36B 


5.4 x 10 J 


62A 


1.3 x 10 5 


213B 


3.7 x 10 5 


53B 


2.0 x 10 5 


ACC1B 


3.4 x 10 s 



Non-Proteolytic Strains 


Strain 


Spore Count/ml 


17B 


-3 x 10 s 


Alaska Type E 


~3 x 10 5 


Beluga Type E 


~3 x 10 5 



[0045] No growth of the spores was observed on brain-heart infusion agar incubated under aerobic conditions. Thus 
the spore suspensions were essentially free of aerobic spores. For the proteolytic strains, 1 ml aliquots of each ofthe 
strains were combined and heat -shocked at 80°C. for 1 0 min. This suspension was assayed under anaerobic conditions 
on McClung's egg yolk agar and found to contain 10 s spores/ml. For the non-proteolytic strains, 1 ml aliquots of each 
of the strains were combined and heat-shocked at 60°C for 13 min. This suspension was assayed anaerobically on 
McClung's egg yolk agar and shown to contain 10 s spores/ml. Finally, 1 ml each of the proteolytic and non-proteolytic 
suspensions was added, in separate bottles, to 99 ml unbuffered sterile water to yield 2 x 10 3 CFU/ml 5 ml of this 10 3 / 
ml inoculum was added to 100 grams of the turkey-gravy product to achieve about 100 spores/g. 
I 0046 ] Example 7. Nisin Treatment . For nisin treatment of turkey and inclusion in gravy, 3.6 grams of Nisaplin™ (1 0 6 
nisin lU/g) were suspended in 3000 grams of sterile water. Assay for nisin activity yielded 1500 lU/g. Turkey slices 
were dipped in the nisin suspension for 90 seconds. Turkey gravy was made according to the formula in Example 4 
(Table 2), using water (control), a nisin suspension in water, as well as with nisin-containing whey. The turkey and gravy 
food mixture was also prepared using these variations. The pH and nisin activity in these preparations are shown in 
Table 5. 



Table 5. 



pH and nisin activity in experimental turkey and gravy compositions. 




Gravy 


Gravy and Turkey 


PH 


Nisin (lU/g) 


pH 


Nisin (lU/g) 


Control 


6.5-6.7 


ND 


6.33-6.44 


ND 


Nisin Suspension 


6.29 


850 


6.38 


450 


Nisin-containing Whey 


5.57 


900 


6.12 


130 
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Table 5. (continued) 




pH and nisin activity in experimental turkey and gravy compositions. 




Gravy 


Gravy and Turkey 




pH | Nisin (lU/g) 


pH Nisin(IU/g) 


ND = none detected 



[0047] Example 8. Clostridiu m botulinum challenge study using gravy supplemented with purified nisin. Turkey and 
gravy mixed compositions were prepared using a control gravy containing water and lactate, and gravy containing 
purified nisin (Nisaplin™, Aplin & Barrett Ltd., Trowbridge, England), according to the formulas presented in Examples 
4 and 5. 

[0048] Separate bacterial challenge studies were implemented for inocula of non-proteoiytic strains of C. botulinum 
and of proteolytic strains of C. botulinum. The bacterial inocula contained the strains disclosed in Example 6. A heat 
shocked suspension of the respective spores (1ml at ~1 x lOS/ml) was added to 10 ml sterile water. This entire sus- 
pension was then blended with 800 g of a control or experimental turkey and gravy composition that had been prepared 
according to Examples 4 and 5. The spore count in the resulting products is about 100 spores/g. They were incubated 
at 86°F (30.0°C) for various periods of time, and assayed for pH, nisin concentration, aerobic colony count, anaerobic 
colony counts for non-proteolytic and for proteolytic strains of C. botulinum, and by a mouse bioassay for botulinum 
toxin production. The results are shown in Table 6. 
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[0049] The results in Table 6 show that turkey and gravy prepared with nisin added to the gravy develops the same 
or higher C. botulinum count as does the control turkey and gravy, by day 2 of incubation at 86°F (30.0°C) Likewise 
the appearance of botulinum toxin is the same for the experimental sample and the control sample. This is so even 
though the product was prepared to contain commercial nisin at about two times the nisin activity of product made with 
cultured whey (see Example 9). These results indicate that inclusion of commercial nisin offers no benefit in inhibitinq 
the growth of C. botulinum and the production of botulinum toxin. 

[005 °1 Example 9. Clostridium botulinum challeng e study using gravy supplemented with nisin-containing wh* Y 
Turkey and gravy mixed compositions were prepared using a control gravy containing water and lactate, and gravy 
formulated with nisin-containing whey, according to the formulas presented in Examples 4 and 5. The remainder of the 
experiment was conducted in the same way as set forth in Example 8 for gravy containing purified nisin The results 
are shown in Table 7. 
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[0051] The results in Table 7 show that use of the nisin-containing whey of the invention resulted in a delay of toxin 
production, compared to the control which contains lactate. In the control samples growth of non proteolytic C. botulinum 
was not seen until 66 hours, although the samples produced toxin by 36 hours. In the samples formulated with nisin- 
containing whey the non proteolytic C botulinum showed some growth at 72 hours but the samples became toxic at 
66 hours. Growth of proteolytic strains in the control formulation was noted at 48 hours, but toxin was not detected 
until 54 hours. The proteolytic C. botulinum in samples with nisin-containing whey grew to high numbers by 72 hours 
but the toxin was not detected until 94 hours. It was noted that a small level of Bacillus present in the control preparations 
grew to a high population in the control in 48 hours. In the samples formulated with nisin-containing whey the growth 
of Bacillus was inhibited at least until 158 hours. Thus the cultured whey-containing product delayed toxin production 
by the significant intervals of 30 hours (nonproteolytic strains) and 40 hours (proteolytic strains) as compared to the 
respective controls. 



Claims 

1. A stabilized meat product comprising^^o^ 

2. A stabilized meat product according to claim 1 , wherein the nisin^ontainingl??hBy-rs~prepared by a process com- 
prising the steps of: 

(i) inoculating a pasteurized dairy composition with a culture of a nisin-producing microorganism; 

(ii) incubating the composition until the pH attains a value between about 6.2 and about 4.0 and a whey and 
curd mixture is formed; and _ — - 

(iii) separating the whey from the whey and curd mixture, wherein the separated whey is the nisin-containing 
whey. 

3. A stabilized meat product according to claim 1 , wherein the nisin-containing whey is prepared by a process com- 
prising the sequential steps of: 

(i) preparing an aqueous composition comprising sweet whey from the fermentation of a cheese, whey protein 
concentrate, and a protein hydrolysate; 

(ii) fermenting the aqueous composition with a nisin-proa^jcjn^ until the pH attains about 5.5; 

(iii) maintaining the pH of the fermenting composition at about 5.5 forTPTOTTrsrand ^ 

(iv) allowing the pH of the fermenting composition to drop to 4.8 or lower, wherein the resulting composition 
comprises the nisin-containing whey. 

4. A stabilized meat product according to any one of claims 1 to 3, wherein the meat product inhibits the growth of 
microorganisms chosen from the group consisting of Clostridium botulinum, C. perfringens, Listeria monocy- 
togenes, Bacillus cereus, Staphylococcus aureus, and Enterococcus faecalis. 

5. A stabilized meat product according to claim 4, wherein the microorganism is C. botulinum. 

6. A stabilized meat product according to any one of claims 1 to 5, wherein the nisin-containing whey is added in a 
proportion from about 3% to about 50% by weight. 

7. A stabilized meat product according to claim 6, wherein the proportion of nisin-containing whey ranges from about 
25% to about 35% by weight. 

8. A stabilized meat product according to any one of claims 1 to 7, wherein the cooked meat is beef, pork, lamb, 
poultry, fish, seafood, or a mixture thereof. 

9. A stabilized meat product according to claim 8, wherein the cooked meat is turkey, chicken, duck, or a mixture of 
two or more thereof. 

10. A stabilized meat product according to claim 8, wherein the cooked meat is turkey. 

11. A stabilized meat product according to any one of claims 1 to 10, further comprising a gravy. 
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12. A stabilized meat product according to any one of claims 1 to 11, wherein the meat product contains essentially 
no nitrite salts. 

13. A method of making a stabilized meat product, said method comprising the steps of: 

(i) preparing a composition comprising meat and nisin-containing whey, and 

(ii) cooking the composition. 

14. A method of inhibiting the growth of pathogenic microorganisms in cooked meat, comprising the steps of: 

(i) preparing a composition comprising meat and nisin-containing whey, 

(ii) sealing the cooked composition into packaging, and 

(iii) cooking the composition; 

wherein the amount of nisin-containing whey is effective to inhibit the growth of pathogenic microorganisms. 

1 5. A method according to claim 1 3 or claim 1 4, wherein the nisin-containing whey is prepared by a process comprising 
the steps of: 

(i) inoculating a pasteurized dairy composition with a culture of a nisin-producing microorganism; 

(ii) incubating the composition until the pH attains a value between about 6.2 and about 4.0 and a whey and 
curd mixture is formed; and 

(iii) separating the whey from the whey and curd mixture, wherein the separated whey is the nisin-containing 
whey. 

16. A method according to claim 1 3 or claim 1 4, wherein the nisin-containing whey is obtained by a process comprising 
the sequential steps of: 

(i) preparing an aqueous composition comprising sweet whey from the fermentation of a cheese, whey protein 
concentrate, and a protein hydrolysate; 

(ii) fermenting the aqueous composition with a nisin-producing culture until the pH attains about 5.5; 

(iii) maintaining the pH of the fermenting composition at about 5.5 for 8-1 0 hrs; and 

(iv) allowing the pH of the fermenting composition to drop to 4.8 or lower, wherein the resulting composition 
comprises the nisin-containing whey. 

17. A method according to any one of claims 13 to 16, wherein the microorganisms are chosen from Clostridium 
botulinum, C. perfringens, Listeria monocytogenes, Bacillus cereus, Staphylococcus aureus, and Enterococcus 
faecaiis. 

18. A method according to claim 17, wherein the microorganisms are C. botulinum. 

19. A method according to any one of claims 1 3 to 18, wherein the nisin-containing whey is added in a proportion from 
about 3% to about 50%, by weight. 

20. A method according to claim 1 9, wherein the proportion of nisin-containing whey ranges from about 25% to about 
35% by weight. 

21. A method according to any one of claims 13 to 20, wherein the meat is beef, pork, lamb, poultry, fish, seafood, or 
a mixture thereof. 

22. A method according to claim 21 , wherein the meat is turkey, chicken, duck, or a mixture of two or more thereof. 

23. A method according to claim 22, wherein the meat is turkey. 

24. A method according to any one of claims 1 3 to 23, further comprising a gravy. 

25. A method according to any one of claims 13 to 24, wherein essentially no nitrite salts are added. 
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